A distinctive type of pulmonary valvular stenosis, termed "pulmonary valvular dysplasia," is described from six necropsies and 10 living children. 
AMONG PATIENTS with congenital pulmonary valvular stenosis, there are isolated instances in which the nature of the pulmonary valve differs from the well-recognized dome-shaped deformity.
Among the exceptions is a deformity characterized by the presence of three distinct cusps and commissures, but in which the valvular tissue is abnormally thick, the principal feature in causing the valve to be stenotic. We From It is the purpose of this communication to describe the pathologic features in six cases studied with necropsy and to relate this experience to the clinical findings. As this material served to make us aware of this entity, we identified pulmonary valvular dysplasia in 10 additional patients, each of whom is living. The clinical experience of the 16 patients (including the six studied at necropsy) will be described to indicate the features which serve to distinguish patients with pulmonary valvular dysplasia and pulmonary stenosis from those with classic dome-shaped pulmonary valvular stenosis.
Observations
In order that the clinical manifestations of pulmonary valvular dysplasia be most mean- ingful, the pathologic nature will be described before the clinical features are presented.
Pathologic Features (Table 1) In each of the six patients who died, the ages of xhom ranged from 4 months to 17 years, the pulmonary valve was essentially similar. Five of these patients died after attempted surgical relief of pulmonary stenosis, while the sixth patient (case 1) died suddenly at home. At neeropsy in each case, the pulmonary valve showed three distinct leaflets and commissures. As viewed from above, the gray-white cusps were greatly thickened, shortened, and rigid ( fig. 1) .
Additionally, in most of the cases, a prominent, padlike fibrous mass occupied the depths of a sinus of the valve ( fig. lb) . Such masses prevented lateral excursion of the related cusp.
In the interest of explaining the histologic characteristics of the alterations in the cusps, reference to the normal is appropriate.
In the normal pulmonary valve, each cusp shows an intermediate layer of loose connective tissue termed the "spongiosa" (fig. 2a ). This layer is separated from the ventricular There is excessive, pale, loose connective tissue in the spongiosa as well as beneath the arterial surface of the leaflet. In the padlike thickening (P.), one sinus is adherent to the related cusp.
Elastic tissue stain; X 6. and arterial surfaces of the cusp by more dense fibrous layers termed the "ventricularis" and "fibrosa," respectively.' In the specimens under consideration the essential change was major thickening of the spongiosa, a process which, for the most part, accounted for thickening of the individual cusps noted grossly ( fig. 2b) . The tissue which caused the spongiosa to be thickened ( fig. 3) In one case, the histologic changes in the cusps were not uniform. Some areas showed thickening of the spongiosa and fibrosa as described while, in intervening areas, the structure was normal. Uninvolved zones were seen in several areas and tended to occur toward the base of the cusp.
In one case (case 1) coincidental involvement of the aortic valve was observed. The histologic appearance of the aortic valve was similar to that observed in the pulmonary valve. In this case, the walls of the pulmonary trunk and aorta were grossly thickened. His although no distinct obstruction of the great vessels was apparent.
In another case (case 3) there was stenosis at the bifurcation of the pulmonary trunk, as well as stenosis at the origin of several branches of the right and the left pulmonary arteries ( fig. 4) . HistQlogically, the lesions were represented by intimal fibrous thickening without alteration of the underlying media. Beyond foci of stenosis, the involved vessels were dilated.
In each of the six cases, prominent right ventricular hypertrophy was present, and three patients exhibited infundibular stenosis as a result of muscular hypertrophy.
In three of the six cases, a valvular competent patent foramen ovale was present, while in each of the remaining three, a true defect was observed in the atrial septum. In one of the latter, a ventricular septal defect was also present. Two of the atrial septal defects were of the fossa ovalis type, while in the third case (no. 6), the defect was located in the lowermost part of the atrial septum. In the latter case, an accessory orifice was present in the mitral valve.
Circulation, Volume XL, July 1969 (Table 2) The clinical and laboratory features of the six patients studied at necropsy and of the 10 living patients will be described together. In Each of the patients presented a loud pulmonary systolic ejection murmur characteristic of pulmonary valvular stenosis and, in addition, four other features tended to recur. These were (1) retarded body growth, (2) absence of a pulmonary systolic ejection click, (3) abnormal facies, and (4) a positive family history for pulmonary stenosis.
Among the 16 patients, 10 were male and six were female. In the necropsy group, the ages at death ranged from 4 months to 17 years (table 2). In four of these six, the ages were 61/2 years or older, the next youngest patient being 2'/2 years old. At present, the living patients range in age from 6 to 14 years. The latter patients have been observed for periods varying from 2 to 11 years. In the three other families of our patients, the histories revealed two miscarriages in one family, three in a second, and two miscarriages and two stillbirths in the third. In a single instance (case 3), a history of maternal mumps during the first trimester of pregnancy was given.
Fourteen of the 16 patients exhibited retardation of growth despite the facts that congestive cardiac failure had not been present in any case and that only four were premature according to body weight.
Thirteen of the patients were below the tenth percentile for height and weight and one at the sixteenth percentile. The body size of the remaining two patients was normal.
An abnormal facial appearance was observed in eight of the patients, five of whom were male and three female. The face was triangular in shape, with hypertelorism, ptosis of the eyelids, and low-set ears ( fig. 5 ). Such facies occurred in each of the four patients with a positive family history for pulmonary stenosis. In two of these (cases 9 and 16) the siblings presented normal facies, while in the third (case 11), the mother and a male sibling presented facies similar to that of the patient. tended to encompass a larger area than that compared to the group with the first pattern.
Roentgenographic Features
The details of the roentgenographic and angiocardiographic findings will be given in another report.2
In 14 of the 16 cases, thoracic roentgenograms revealed the cardiac size to be normal or at the upper limits of normal. Among these 14, only five showed prominence of the main and left pulmonary arteries, while the pulmonary vascular markings appeared normal in 12 and diminished in the remaining two.
In the remaining two cases, one with coexistent atrial and ventricular septal defects (case 4) and the other with associated atrial septal defect, cardiomegaly and increased pulmonary vascular markings were observed.
Hemodynamic Features
Right-sided cardiac catheterization and selective right ventriculography were performed in 14 patients.
Pressures were typical for pulmonary stenosis at the valve level in 13 cases. In the fourteenth case (case 3), the systolic pressure in the pulmonary trunk, although above normal, was below the level of that in the right ventricle. In this case, the levels of pressure in the left and right pulmonary arteries were below those in the pulmonary trunk and were interpreted as evidence of peripheral pulmonary arterial stenosis. At necropsy, such lesions were found to involve the origins as well as branches of the left and right pulmonary arteries (fig. 4) Circulation, Volume XL, July 1969 In one of these (case 15), serial cardiac catheterizations performed on three occasions over a 9-year period revealed no significant change either in the magnitude of the left-to-right shunt or in the level of right ventricular pressure, the latter being above normal in each study. In each of the 14 patients in whom right ventriculography was performed, the nature of the pulmonary valve was different from that of classical dome-shaped pulmonary stenosis. "Doming" of the pulmonary valve either was not observed or, if present, the pattern fell short of the classical picture. Thickened pulmonary cusps, especially identifiable during diastole, were seen ( fig. 8 ). In contrast to classical dome-shaped stenosis, no distinct jet could be observed passing through the valve. Post-stenotic dilatation of the pulmonary trunk was observed in some. Infundibular stenosis was not demonstrated, although subpulmonary muscular stenosis was identified at necropsy in two of the cases (cases 2 and 5).
Results of Operation
Thirteen of the patients were subjected to operations for relief of right ventricular outflow obstruction and to correct any coexistent intracardiac anomalies. Five of the 13 patients (cases 2 to 6) died in the early postoperative period, resulting in operative mortality of 38%.
In four of the five who died after operation, the procedure had been carried out under conditions of cardiopulmonary bypass. In each of these four patients, the pulmonary valve was recognized as having three thickened cusps and a small annulus. In two of these (cases 2 and 3) infundibular resection was carried out, but no procedure was done upon the valve. In the other two, no operative procedure was performed either upon the valve or infundibular area; the associated atrial and ventricular septal defects were closed in one (case 4) and an atrial septal defect was closed in the other (case 6). The fifth patient, who died after operation (case 5), was operated on under conditions of inflow occlusion. The Figure 9 Results of serial cardiac catheterization in nine patients with pulmonary dysplasia. Case numbers given in parentheses. Fadell and Graziani4 reported on two infants dying with aortic valvular stenosis in whom the histologic appearance of the aortic valve was similar to that found in the pulmonary valve of our cases. These authors proposed the name, "incomplete differentiation of the valve (myxomatosis)" because of the myxomatous appearance of the valvular tissue. In a subsequent report, identifying similar changes in the aortic valve, Davis and associates7 used the name, "myxoid dysplasia."
When compared to the classic form of pulmonary valvular stenosis, pulmonary valvular dysplasia was associated with a high operative mortality (38%) when simple incision was done. Procedures to be entertained in treating pulmonary valvular dysplasia include excision of tissue, replacement of valve, and insertion of a gusset across the pulmonary orifice.
Since the operative approach should be different in pulmonary valvular dysplasia compared to classical dome-shaped stenosis clinical and surgical distinction is imperative. Our studies showed several features that are prevalent among patients with pulmonary valvular dysplasia which serve to distinguish this condition from the usual type of pulmonary valvular stenosis. The highlights suggesting dysplasia when pulmonary stenosis is present were given in the section dealing with clinical features. These include (1) a family history of pulmonary stenosis, (2) retardation of both height and weight, (3) abnormal facies, and (4) absence of a pulmonary systolic ejection click in the presence of a systolic ejection type of pulmonary murmur. Additional features suggesting pulmonary valvular dysplasia include excessive degrees of right axis deviation and right ventriculographic findings of a markedly thickened pulmonary valve which presents neither "doming" nor a "jet."
We have observed that during operative exposure the initial impression of the surgeon may be faulty. He may consider the valve to be bicuspid, while in fact the valve possesses three dysplastic leaflets.
Since the preparation of this manuscript, we have had the opportunity of confirming with necropsy the clinical diagnosis of pulmonary valvular dysplasia in a patient who was not part of the study reported. This patient, who died at the age of 7 days following pulmonary valvotomy, had manifested the following characteristics clinically: pulmonary systolic murmur without ejection click and typical angiographic features of dyplastic pulmonary valve.
Necropsy showed three thickened pulmonary valvular cusps typical of the condition described. In addition, the tricuspid valve showed short chordae and interadherent leaflets, a picture which suggested an anatomic basis for tricuspid insufficiency.
